Introduction {#sec1-1}
============

Traumatic brain injury (TBI), a significant public health problem, is a leading cause of disability and mortality in all regions of the globe despite advancement in prevention and treatments. Its global incidence is rising, and it is predicted to surpass many diseases as a major cause of death and disability by the year 2020.\[[@ref1]\] TBI is the main cause of one-third to one-half of all trauma deaths and the leading cause of disability in people under forty, severely disabling 15--20/100,000 populations per year.\[[@ref2]\] The World Health Organization estimates that almost 90% of deaths due to injuries occur in low- and middle-income countries (LAMICs), where 85% of population live, and this situation will continue to represent an important global health problem in the upcoming years.\[[@ref3][@ref4]\]

TBI is a leading cause of mortality, morbidity, disability, and socioeconomic losses in India as well. It is estimated that nearly 1.5--2 million persons are injured, and 1 million die every year in India.\[[@ref5]\] India and other developing countries are facing the major challenges of prevention, prehospital care, and rehabilitation in their rapidly changing environments to reduce the burden of TBIs. For policymaking, there is a lack of reliable and larger data regarding TBI in our settings.\[[@ref6]\]

The importance of continuous evaluation of TBI-related epidemiology and outcome are emphasized by trends as described in this study. This study was aimed to evaluate and describe the epidemiological, clinical characteristics, and outcomes of TBI patients admitted to Intensive Care Unit (ICU) of India\'s largest tertiary care, Level 1 Trauma Center, namely, Jai Prakash Narayan Apex Trauma Centre (JPNATC), All India Institute of Medical Sciences (AIIMS), New Delhi by collection of detailed data on demography, clinical, injury patterns, management, laboratory, and outcome of moderate or severe TBI.

Materials and Methods {#sec1-2}
=====================

Design {#sec2-1}
------

In this retrospective study, we considered all patients with moderate or severe TBI admitted to the Department of Neurosurgery of JPNATC, AIIMS during May 19, 2010--July 31, 2012, to provide detailed information on TBI-related variables and outcomes.

Patients, study site, inclusion, and exclusion criteria {#sec2-2}
-------------------------------------------------------

### Inclusion criteria {#sec3-1}

The patients whose admission Glasgow Coma Scale (GCS) ≤12 in the emergency department (ED) at JPNATC were included in the study.

### Exclusion criteria {#sec3-2}

The patients who were not admitted to the ICU under the Department of Neurosurgery were excluded from the study. Presently, JPNATC, AIIMS, New Delhi, a largest full-fledged integrated Level I trauma center in the Indian subcontinent, has 30 triage and 36 ICU beds, and it is the apex referral center for TBI in New Delhi as well as for much of the other parts of the country.

Study variables, outcomes, and operational definitions {#sec2-3}
------------------------------------------------------

Clinical injury severity was based on the postresuscitations GCS score at admission to ED and defined as severe (GCS 3--8) or moderate (GCS 9--12). Duration before admission (hours)was the period from the time of injury to arrival at the ED of study hospital. Hypotension was considered to be present when a patient had systolic blood pressure below 90 mmHg at least for once within first 24 h of admission.

In this study, the two outcomes "in-hospital mortality" and "unfavorable functional outcome" at 6 months postadmission based on the Glasgow Outcome Scale (GOS) were measured. The GOS is a global scale for functional outcome in TBI that rates patient status into one of the five categories: (1) Dead, (2) vegetative state, (3) severe disability, (4) moderate disability, or (5) good recovery. The 6 months GOS was further dichotomized into favorable outcome (moderate disability, good recovery, or GOS = 4, 5) and unfavorable outcome (death, persistent vegetative state and severe disability, or GOS = 1, 2, 3). The 6 months follow-up data were collected through the telephonic interview of patients or their caregivers.

There were two sources of data collection: Computerized patient record system (soft copy) and patient\'s medical record file (hard copy). Trained research nursing and other clinical staffs including medical doctors maintained these both sources. Under the supervision of neurosurgeon, Dr. Deepak Agrawal, author Vineet Kumar Kamal collected all study variables from both these existing sources and through telephonic interview in case of 6 months follow-up outcome retrospectively in a prefixed pro forma for all treated patients enrolled during the study period. Later on, a library was created in software EPI Info 7.1.2, Centers for Disease Control and Prevention (CDC), Atlanta, Georgia (USA) for entry of collected data.

Guideline compliance {#sec2-4}
--------------------

All patients were treated in ED as per ATLS protocol before being admitted to neurosurgery. Furthermore, they were treated and evaluated according to the "Guidelines for the Management of Severe Head Injury."\[[@ref7]\] BTF guideline compliance was assessed for intubation and intracranial pressure (ICP) monitoring. Monitoring of ICP is advised in patients with severe TBI when a computed tomography (CT) shows intracranial pathology, or in the presence of two or more of the following criteria: Age \>40 years, unilateral or bilateral motor posturing (i.e., motor score ≤3), or systolic blood pressure \<90 mmHg.\[[@ref8]\] However, ICP monitors were placed variably at the discretion of the admitting neurosurgeon as it is standard practice at this trauma center.

Protocol approval {#sec2-5}
-----------------

The Institute Ethics Committee/Institute Ethics Sub-committee approved this study (IESC/T-226/01.06.2012).

Statistical analysis {#sec2-6}
--------------------

All the continuous and categorical variables were expressed in mean ± standard deviation (SD) (range: minimum-maximum)/median (interquartile range: 25--75^th^ percentile) and frequency (%), respectively. We analyzed and summarized our data using descriptive statistics. All the data analysis was done using software Stata 12.1, StataCorp, 4905 Lakeway Drive, College Station, Texas 77845 USA.

Results {#sec1-3}
=======

Demographic and clinical characteristics {#sec2-7}
----------------------------------------

A total of 1527 patients were enrolled during the study period in which 86.64% were male with a mean ± SD age of 32.15 ± 16.76 years (median: 30, range: 1--90). Of these, based on postresuscitation GCS, 1281 (83.89%) patients had severe TBI \[[Table 1](#T1){ref-type="table"}\]. As per this study, males were at a higher risk with a male:female ratio of 6.5:1. The age distribution of patients with moderate or severe TBI revealed that the highest occurrence was in the age group of 21--30 years (29.68%), followed by 31--40 years (18.07%) \[[Figure 1](#F1){ref-type="fig"}\]. On an average, 58 patients with moderate or severe TBI admitted at JPNATC, AIIMS every month. The most common mode of injury was road traffic accidents (RTAs), which accounted for about 64.96% of the patients, followed by falls (26.52%), others mode of injury (5.70%), and assaults (2.82%) \[[Table 1](#T1){ref-type="table"}\]. [Table 2](#T2){ref-type="table"} depicted the age distribution of individuals sustaining the moderate or severe TBI in a traffic environment. Among the injured, road traffic injuries increased from 15 years, reached a peak in 21--30 years, gradually declined thereafter. Out of 992 RTAs, nearly 849 (85.58%) were patients with severe TBI \[[Table 1](#T1){ref-type="table"}\]. Information on age and fall-related injuries was given in [Table 2](#T2){ref-type="table"}. Falls occurred in greater numbers among the age group of ≤5 years (23.21%).

###### 

Demographic and clinical characteristics at admission
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![Age and sex distribution of patients with moderate or severe traumatic brain injury](JNRP-7-515-g002){#F1}

###### 

Age distribution according to causes of injuries
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In addition to TBIs, nearly one-fourth patients (24.30%) had polytrauma or severe injuries to various parts of the body or major extracranial injuries. These included facial injuries, chest injuries, abdominal injuries, injuries to upper and lower limb, etc., \[[Table 1](#T1){ref-type="table"}\]. Time of the occurrence of brain injury was another crucial determinant reflecting distribution patterns in [Figure 2](#F2){ref-type="fig"}. Highest numbers of RTA leading to severe or moderate TBI were seen between 6 pm and 12 am constituted 32% of such patients. The overall median duration of hospital stay days was 8 (range: 0--255, interquartile range: 4--16) \[[Table 1](#T1){ref-type="table"}\].

![Distribution of cause of injury and time of occurrence of injury](JNRP-7-515-g004){#F2}

Physiological characteristics and computed tomography findings {#sec2-8}
--------------------------------------------------------------

[Table 3](#T3){ref-type="table"} depicted the physiological and CT characteristics at admission. Episodes of hypotension during the first 24 h of admission were present in 25.34% of all patients. This proportion was higher in patients with severe brain injury (28.10%) as compared to moderate brain injury (10.98%). Brain contusion and fracture were the most common type of intracranial pathology, detected in 60.38% (brain contusion), and 46.63% (fracture) of the patients. Traumatic subarachnoid hemorrhage or intraventricular hemorrhage and compressed or absent basal cistern was found positive in 559 (36.61%) and 257 (16.83%) patients, respectively.

###### 

Physiological characteristics and computed tomography scan findings at admission
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Patient management and laboratory findings {#sec2-9}
------------------------------------------

[Table 4](#T4){ref-type="table"} described the general characteristics of management and laboratory-related variables in overall, severe, and moderate TBI patients. Of the patients admitted to the ICU, an ICP monitoring device using parenchymal sensor was placed in 495 patients (38.64%) with severe TBI and 64 patients (26.02) with moderate TBI, of whom 20.34% with severe TBI and 14.52% with moderate TBI had raised ICP (\>20 mmHg). During the admission period, 55.01% (*n* = 840) of patients underwent a neurosurgical procedure, of whom 93.93% (789 of 840) involved decompressive craniotomy. Tracheostomy was done in 558 patients (36.54%), more for severe (39.19%) as compared to moderate (22.76%). The mean value of glucose level was higher in severe TBI patients as compared to moderate TBI patients (183.41 ± 76.60 vs. 172.29 ± 75.99).

###### 

Management-related characteristics and laboratory variables at admission
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Outcome(s) {#sec2-10}
----------

[Table 5](#T5){ref-type="table"} gave the description about outcomes in overall, severe, and moderate TBI patients. Overall, 34.58% (*n* = 528) patients died in hospital, and in-hospital mortality rate was higher in severe TBI (38.56%) as compared to moderate (13.82%). The functional outcome according to the GOS at 6 months postadmission was available in 1043 patients as 484 (31.70%) patients were lost to follow-up. Among those who survived, 40.73% died before 6 months, either in the course of hospital stay or after discharging from hospital, 3.86% were severely disabled, and 15.72% had a good recovery.

###### 

Outcomes in sever and moderate traumatic brain injury patients
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Tables [6](#T6){ref-type="table"} and [7](#T7){ref-type="table"} described the distribution of some of the important factors with respect to the outcome(s) in overall, severe, and moderate TBI. Only 1.70% and 29.03% patients in case of in-hospital mortality \[[Table 6](#T6){ref-type="table"}\] and only 0.88% and 27.49% patients in case of unfavorable outcome at 6 months \[[Table 7](#T7){ref-type="table"}\] reached hospital within platinum hour and golden hour postinjury, respectively. Most of the cases (23.86%) among those who died during hospital stay were stayed for 3--7 days, in which 23.48% and 29.41% with severe and moderate TBI, respectively. Nearly one-fourth patients had polytrauma in case of in-hospital mortality or unfavorable outcome at 6 months. Among those who died in hospital, surgical intervention was done in 56.25% cases and in the case of unfavorable outcome at 6 months, it was done in 57.77% cases.

###### 

Distribution of factors with respect to in-hospital mortality
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###### 

Distribution of factors with respect to unfavorable outcome at 6 months
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Discussion {#sec1-4}
==========

India is unenviable destination of having the highest rate of TBI\'s in the world. About 100,000 lives are lost every year with over 1 million suffering from serious TBIs in India.\[[@ref9]\] The importance of the problem of TBI is always underestimated due to the lack of research and good quality data in India. This study was conducted to bridge this gap. We undertook a retrospective study of TBI admitted to ICU of the largest tertiary care, Level 1 Trauma Center of the Indian subcontinent to evaluate admission characteristics and outcome(s) of 1527 consecutive patients. According to this study, TBI predominated in young men in the form of severe TBI and mostly occurred due to RTAs. A very large number of patients with moderate or severe TBI were being admitted to ICU of JPNATC, AIIMS, and these admissions were not affected with seasonal variation. These results can also be interpreted in the context of a very low degree of public health awareness about vehicular trauma, decreased legislation regarding violations for speeding, jumping red lights, restraining devices, helmets, and drink-driving. Findings of this study suggested the high-resource requirements associated with patients of moderate and severe TBI. Patients with brain injuries, especially severe TBI, had extended ICU and hospital stays. A high proportion of patients were treated with immediate surgery, mechanical ventilation, invasive monitoring, and tracheotomy. These observations deal with the burden of injury associated with TBI in India.

The male:female ratio was 6.5:1, and this figure was also observed in other Indian studies.\[[@ref5][@ref10]\] The age distribution of TBIs across various Indian studies including present study found that moderate and severe injury mostly affected young men and mostly due to RTAs.\[[@ref5][@ref10]\] Mean age in this study was 32.15 years (31.96 years in severe and 33.10 years in moderate TBI), which was in the line of reported mean age in some previous studies in India and other developing countries, but it was far lower than the reported mean age of moderate and severe TBI patients of some developed nations.\[[@ref5][@ref10][@ref11][@ref12][@ref13][@ref14]\] As a result of the aging population of developed nations, the falls were suggested as the frequent emerging cause of injury.\[[@ref14]\] However, being a world\'s largest youthful country, our study indicated that road traffic injuries are the leading cause of moderate and severe TBIs followed by falls. Almost similar distribution was reported in various parts of the country as well as in other parts of the world.\[[@ref5][@ref10][@ref11][@ref12][@ref14][@ref15]\] In this study, the second leading cause was falls, and more proportion was observed in children aged \< 5 years. Other Indian studies have also highlighted the increasing role of fall, especially in children.\[[@ref5][@ref10]\] Surgical intervention (craniotomy) was performed in about 53% of severe TBI patients, which is similar to others previously reported results as 37--67%.\[[@ref16][@ref17][@ref18][@ref19][@ref20]\] In other studies from developed nations, moderate TBI was given relatively little clinical attention, but in this study, we showed that a significant proportion of patients with moderate TBI required craniotomy (45.93%) which was much higher than other studies, and in-hospital mortality in such patients was also higher (13.82%), which proved that delay in treatment was detrimental to outcome.\[[@ref12]\] Nearly, one-third moderate or severe TBIs occurred during 1800--2400 hours. As the majority of these injuries were due to RTA, it could be due to alcohol influence, greater speeds, and poor visibility factors.

The severity of brain injuries is directly associated with outcome at discharge and other subsequent outcomes at different time points. Low Glasgow coma score at admission was associated with poor outcome. This finding was similar to many other reports from India, and other parts of the world.\[[@ref6][@ref11][@ref12][@ref14]\] At 6 months, about 64% of the severe and 32% of the moderate TBI patients had died. Six-month mortality ranged between 32% and 49% in severe TBI in other reported studies\[[@ref17][@ref19][@ref20]\] and between 16% and 19% in moderate TBI.\[[@ref19][@ref21]\] The high mortality rate in the present study may be due to late arrival of the patients from the injury site and/or primary hospital. This study also showed that about 50% of moderate or severe TBI patients reached to Level 1 trauma center after 3 h of their injury while a study from Bangalore revealed that this figure was 70%.\[[@ref10]\] In a comparative study between India and USA, about 50% reached within 1 h, and about 88% reached within 3 h in the USA.\[[@ref22]\] In India, 95% of trauma victims do not receive optimal care or proper management during the "golden hour" period after an injury takes place, and half of those who die from TBI do so within the first 2 h of injury in our country.\[[@ref9]\]

At 6 months, overall 31.70% patients (29.51% for severe, and 43.09% for moderate) were lost to follow-up at JPNATC, which is very high proportion as compared to data from developed nations. Although all studies have loss of follow up and we believe that our follow was reasonably good for comparison with similar national and international studies. A study from India had reported only 34% cases for follow-up at 1-year postdischarge.\[[@ref10]\] Out of total available patients at 6 months postadmission, this study showed different case fatality rates between severe (64%) and moderate TBI (25%), which was relatively higher than developed nations but better than what is seen in LAMICs.

On the flip side, our study showed that a significant number of severe TBI (28.46%) had favorable functional outcome at 6 months. This study also showed that a significant number of patients with poor admission GCS may have good outcome, and therefore aggressive management should be done for all severe TBI patients. Availability of early and appropriate care after an injury is a major determinant in avoiding secondary injuries and death.\[[@ref23]\] Some of these studies have paved the way for the formulation of policies and programs, increasing public awareness, developing new action plans, and for placing neurotrauma on the public health agenda. In TBI, there are several factors that may affect outcome. The data of this study may be used for prognostication, hypothesis generation and stratification of patients, and developing prognostic models,\[[@ref24]\] which can improve the understanding of the pathology, diagnosis, and treatment.

This study had a number of strengths. This study, based on the largest sample size, was the first to document the epidemiology, clinical characteristics, and outcomes of a large cohort of patients with TBI from a single Level 1, Tertiary Care Trauma Center from Indian subcontinent, and the first to publish 6-months functional outcome data after the foundation of India's first full-fledged center (JPNATC) to treat victims of trauma. The author himself assessed the 6 months functional outcome. This study provided a comprehensive description of variables associated with moderate and severe TBI from the initial injury to 6 months outcome. Using this study, there is a great potential to carry out a number of secondary analyses using multivariate techniques to evaluate the predictors of outcomes in TBI.

Limitations {#sec2-11}
-----------

This study had also some limitations. Being a retrospective study, only those variables could be studied which were collected for standard clinical care. It is plausible that only a certain proportion of all traumatic brain injuries will reach the hospital, and many of those with severe injuries may have died in the prehospital setting, and many with mild injuries may not have sought clinical care. The specialized status of JPNATC, AIIMS may have introduced bias toward the inclusions of more severely injured patients. Missing data for the outcome at 6 months follow-up were prominent largely due to lack of contact information. This study did not consider the outcome of patients with TBI, who were not admitted to the ICU.

Conclusions {#sec1-5}
===========

This is the first study of its kind from the Indian subcontinent that gave data on the admission characteristics, mortality and 6 months outcome of such patients. Most of the injuries occurred due to RTAs, more common among the economic productive age group and mostly in males. There was a very high rate of mortality and severe disability in our setting possibly due to delay in transportation of injury victims to the definite care facility. Knowledge about the causes, pattern, and distributions about TBI patients from this study will be extremely helpful in policymaking, research, health management, and rehabilitation at the national level in our country and other developing nations.
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